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ABSTRACT 


Pour  groups  of  rabbits  were  injected  once  intra- 
peritoneally  ^uth  sterile  talcum  powder.  These  groups 
received  respectively  series  of  peritoneal  infusions  with 
AFIF,  heparin,  fibrinogen  and  albumin,  lasting  for  five 
days.  The  rabbits  receiving  albumin  end  those  receiving- 
fibrinogen  showed  extensive  peritoneal  adhesion  form"’. tion, 
whereas  those  receiving  APIP  showed  none  or  very  few  adhesions. 
The  rabbi's  receiving  heparin  died  ea,rly  beca.use  of  hemor¬ 
rhage  , 

At  the  end  of  the  five  da:/  experimental  period 
none  of  the  rabbit's  showed  significant  deviations  in 
platelet  and  leukocyte  counts.  The  groups  receiving 
albumin  and  APIP  had  low  hematocrit  and  hemoglobin 
Values  and  very  high  plasma  fibrinogen  concentrations. 

Single  intravenous  injections  of  a3-bumin  and  APIP 
were  also  found  to  cause  a  sign5£'^^nt  rise  in  plasma 
fibrninogen  concenti^ation. 

By  in  vitro  experiments  it  was  shoxm  th-^t  such  a 
rise  in  plasma  fibrinogen  concentration  reduced  the 
anticoagulant  effect  of  APIP, 
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II'TTRODUGTION 


As  fibrin  formation  is  the  last  step  in  the  coag¬ 
ulation  of  blood  its  importance  in  haemostasis  has  been 
repeatedly  stressed.  This  emphasis  on  the  haemost-^tic 
role  of  the  clotting  of  fibrinogen,  m,ay  have  contributed 
to  the  relative  lack  of  interest  in  other  functions  of 
fibrin  formation,  which  appe'^r  lust  as  essential  to  the 
well  being  of  an  anim.al  as  the  stonra-ge  of  blood  flow 
from  an  injury. 

The  purpose  of  this  thesis  is  the  studv  of  one  of 
the  non  haemostatic  functions  of  fibrin,  namely  its  role 
in  the  formation  of  peritoneal  adhesions.  It  seems 
therefore  appropriate  to  begin  this  paper  with  a  brief 
review  cf  som.e  of  the  m.ost  important  functions  of  fibrin 
not  directly  related,  to  haemostasis. 

Intravascula.r  fibrin  deposition 

It  has  been  suggested.  :'^ecently  that  under  norm.al 
circumstances  intra  vascular  clotting  proceeds  od  ntlnucusly, 
but  extremely  slowly, (1)  In  195^  Astrup  postulated  th^t 
such  norm.a.!  intra  vascular  fibrin  deposition  vias  due  to 
the  release  of  small  amounts  of  tissue  thromboplastin 
from  very  mJ.nor  injuries  due  to  the  stresses  of  ordinary 
daily  living.  The  fibrin  so  formed  is  thought  to  be 


removed  by  the  lytic  action  of  plasmin 


(2)  Very 
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convinclng  evidence  has  been  put  fonA^^nd  to  shou  that 
ph^rsiologic  intna  vascular  fibrin  deposition  occiars. 

The  turnover  tine  has  been  estimated  for  a  number  of  clot¬ 
ting  factors,  and  wss  found  to  be  much  fester  than  would 
be  e'^pected  from  their  in  vitro  stability,  Levene  scraned 
fine  lavers  off  the  intima  of  normal  ao-i^t.a^s.  hhen  he 
examined  these  with  the  electronmicroscope  he  found  that 
the  intima  was  covered,  with  a  thin  layer  of  fi'-^ers,  which 
showed  a  character " Stic  periodicity  of  230  angstrom  units, 
suggesting  it  to  be  fibrin. (3) 

The  physiological  role  of  a  thin  coating  of  fibrin 
on  the  vascular  wall  might  be  to  provide  a  smooth  su.rfacc 
for  the  blood  flow,  thus  reducing  friction,  and  orotecting 
the  intima  from  the  friction:^!  wear  of  the  flow.  For 
many  years  Duguid  has  put  forvrard  the  hypothesis  th^'t 
atherosclerosis,  as  we  hnow  it  in  man,  is  la.rgely  the 
product  of  thrombosis )  It  is  beyond  the  scope  of  this 
Introduction  to  eva.luate  the  causes  of  atheroscle’^osis 
but  there  is  a  gre^t  deal  of  evidence  suggesting  it  to  be 
a  pathologicaJ  manifestation  of  the  normal  mechanism  of  int- 
imal  lining  with  fibrin. 

Intra  vascular  fib-’-in  deposition  pl-vs  an  essential 
part  in  metastasis  of  cancer.  Although  this  role  is 
patholo*^ic  rather  than  physiologic,  it  deserves  brief 


mention  in  tMs  context  as 


xs  another  mnnif astation  of 
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the  relationship  between  fibr-’in  formati':^n  anh  tissue  proTjth. 
!/ood(5)  has  follo-jed  the  p'^ocess  of  metn.stasis  in  vivo  h'r 
injectintr  a  suspen^alon  of  V2  ca.rci’^em.a  cells  into  the  cential 
arter^^  of  a  r-'^bbit  ea.r  and  observing  micros copicsfJ.v  the 
vascn.lar  bed  of  a.  'oreviotisly  installed  earchn.mber.  Cancer 
cells  '■Te-'i'e  seen  to  lodpe  in  the  capillaries  b;^^-  stichi’''y  to 
the  epithelium.  After  a  few  minutes  the  formntion  of  a 
thrombus  ^round  these  cells  bee  me  ann.arent,  ;7it’ain  a 
period  var"’'inr;  f‘''’om  30  minut  s  “o  several  houns,  a.  nro- 
gressive  loss  of  endotheli'’'!  definition  oecur":’ed  in  the 
s.rea  immediatelv  a.djacent  to  the  enneer  cells  ^n^'’  the  thrombus 
Leuhocvtes  then  migrated  th':-ou,gh  the  injured  enithelium 
causing  defects  throught  which  cancer  cells  migrated  into  the 
perivascular  connective  tissue.  ?r  n  t’^.e  fact  th't  in  peth- 
ologic  sections  of  the  earliest  st^'ges  in  the  d.evelopnent 
of  metcLStasis,  embolic  tumo--’  cellsa.re  frequ.entlv  enmes’ied 
in  int'^^a  ve scalar  thrombi,  ""oh  from  the  finding  t'l't 
anticosmji -uts  reduce  th.e  number  of  m.etas-atic.  tumors* 

‘■oods  concluded  thet  the  fixation  of  cance-o  cells  in  ainute 
intra  vascul'^r  t^irombi  is  "^n  esse  vbi'^d-  p:^oces'^  in  the 
developm.ent  of  •■aet ast asis  from  blood  borne  c'^'^cer  cells. 

Fisher  and  Fi^lior  (6)  confi'''^aed  the  idea  th'  t  I'le  ■'c.t‘''n 
of  the  ^nticoam" ''nts  "as  thromh  the  in'^.ibiti'n  of 


thrombiis  fo'^riation  rrther  than  throuc^h  inliiblt.Lon  of  the 
in:.tial  lod,n:e^-'’ent  of  the  cancer  cells.  The^r  ‘.n.iectef'  a 
def5_nite  number  of  V7al':en  c'^rclnoria  cells  into  the  oortal 
veins  of  heo'^rinized  “^ncS  non  heparinized  rr'ts  and  almost 
simnltaneouslv  aspiratod  a  sample  from  th.e  hep-^tic  vein. 

No  difference  in  the  number  of  cells  thrt  passed  th'^on^h 
the  lia’er  could  be  found,  indicating  th^'t  the  inaidence 
of  lodgment  w'^.s  tr.e  same  for  both  proups .  Nishe:-^  -^nd  ^ishe-^ 
also  c onvina i-^alm  showed  that  hewrin  f  ibrinol^'T's  ’  n 

significant' reduced  f'^e  i'a'’. ido'^c e  of  metastasis* 

Fibrin  formation  and  its  nrotective  action  jpp - 11.^  inf ec t?_ on 
Vfnen  an  i'^ritant  is  inleated  into  a  bod-r  tis^u^, 

*-j  -  '7 

it  will  stimulate  '^n  inf  1‘^mm'^.tcrv  ■^e^atio"',  h'  ■' ch  a  an  be 


P0n-o->r.r^0pT  -.3  o  p0C0-ase  -00 o r> f-, ''■ri  on  the  n'^‘''’t  o'^  the  hi'''’''er 
anim.als  .  Inf lamm atm’. on  is  cmmn].e::  v'^scudm.r,  I'.'^aphm.tic  and 

local  tissue  reaction  ^ch  tends  to  loc'^lize  and  ultimatoh 
destnov  or  discard  the  im’u.rious  '^"^ent.  At  oresent  no 


diOubt  e^mists  th^t  the  dotting 
locmlizinp  factor,  preventing 
The  tissur  da.mape  causes 
larv  oerme ‘^bilitv  throud  the 
Such  a.  perm.eability  factor  is 
of  coaaulation  bv  the  activ'^tii 
f acto-T’.  (7) 
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The  resulting  inflammatory  exudate  carries  with  it  into 
the  damaged  tissues  prothrombin  and  fibrinogen.  The 
prothrombin  of  the  exudate  is  converted  to  thrombin  by  the 
tissue  thromboplastin  which  is  released  from  the  damaged 
tissue  cells.  The  thrombin  then  splits  off  f Ibrinopeptides 
from  the  fibrinogen  molecules  which  now  polymerize  into 
fibrin  strands  which  co  nnect  to  form  an  extensive  fibrin 
network  in  the  damaged  area,  and  in  the  lymphatics  leading 
away  from  the  area.  The  fibrin  network  so  formed  will 
retard  the  bacterial  spread  by  a  reduced  filtration  and 
probably  also  through  adsorption  onto  the  immense  adsorbing 
area  of  the  fibrin  network. 

Menkln  (8)  has  done  convincing  experiments  to  showthat 
the  clotting  of  the  inflammatory  exudate  inhibits  bacterial 
Invasion.  In  one  such  experiment  he  injected  an  irritant 
into  the  peritoneal  cavity  and  at  different  intervals  of 
time  thereafter,  bacteria  were  Introduced  into  the  perit¬ 
oneum.  To  test  the  spread  of  the  bacteria  he  cultured  the 
retrosternal  lymph  nodes  and  counted  the  bacterial  colonies 
so  obtained.  He  ibund  a  much  greater  number  of  colonies 
on  the  cultures  from  the  ai  iraals  not  injected  with  the 
Irritant  than  on  the  cultures  from  the  ai Iraals  Injected  with 
the  irritant  prior  to  introduction  of  the  bacteria.  Menkin 
also  studied  the  spread  of  dyes  injected  into  connective 
tissue.  When  such  a  dye  was  installed  intp  an  inflamed 
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area  it  was  seen  to  spread  over  a  nuch  shorter  distj^nce 
than  when  it  was  injected  into  hea.lthy  connective  tissue, 
hdien  dye  was  injected  at  the  periphery  of  the  inflamed  a.'^ea. 
it  did  not  penetra.te  such  .an  area,  Men'"in  in  extensive 
histoloyica.l  studies  of  inflamed  are'-'.s  found  that  the 
lamiphatics  dr'^ininy  such  area.s  were  th:^ombosed. 

dlenn,  Peterson  and  trinher  (9)  demonst^^ated  th^^t 
the  tissue  thromboplastin  is  the  prob'^ble  aaent  initiatin.a 
I'/mphntic  thrombosis.  They  introduced  tissue  e''-tr>--'r,t s 
into  burned  areas  a'ld.  found  this  nrocedure  areatl^'^ 

'.n  u 

accelerated  l‘^n''’-ph‘' tic  th7:’ombosis  . 

Day  (10)  postulated  that  besides  l-aaph'^tic  blochaye 
the  retarded  filtr‘:"tion  r'"te  of  erud'^te  through  an  infl'^med 
area  is  the  result  of  impaction  of  protof ibrii.s  o'**  primary 
fibrin  polymers  in  the  meshe^.  of  the  connective  tissue. 

The  supnortiny  evidence  for  this  “heorv  comes  from  the 
folloiAjing  experiment,  Danr  attached  a  piece  of  mouse 
subcutaneou.s  connective  tissue  to  the  end  of  a  narrow 
tube  so  as  to  form  a.  diaphraym  closing  the  tn.be.  He 
then  me^^sured  the  rate  of  flow  of  citrated  serum  ^n.d 
plasma  ^rhich  was  caused  to  flow  throumh  this  dia.phnamn 
under  a  nressure  of  foiir  centl.meters  of  wate"”.  "'/hen 
the  flow  was  stcnne  '  -i^nd  a  lar.^^e  quantitv  of  thrombin 
added  to  the  nlosma  inside  the  tube,  the  ol'^sma  in  the 
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tube  and  in  the  connective  tissue  clotted.  This  p?,'’0'" edune 
slowed  down  the  nate  of  filtratin  considercblv. 

VJhen  very  small  amounts  of  thrombin  ^dded  "h  lie 

the  plasma  was  still  floTiin",  a  slow  clottiny  process  ^I'^s 
in  progress  as  the  pl':’sma  fil.tered  tlr^ouah  the  con'^ective 
tissue.  This  nrocedure  slowed  ■' own  the  r^'te  of  filtr'^tion 
tvrice  as  much  *^3  the  sudden  dotting  of  the  nl'^sm'".  and  the 
tissue  fl'uid.  'dan/  conside^^s  connective  tissue  to  consist 
essentially?’  of  protein  networks  arr'^nae'^'^  in  1  a-^ers  '^nH 
h'’vina  m.eshes  of  mccromolecular  dimensions  .( 11 )  SloTrinp 
of  flow  was  sho'-rn  to  tahe  pla'’"e  adien  solnf  ons  of  m'y^-^o'''yole- 
cul"r  sai.bst ■’'nces  such  s^^.rch  or  de'’'tr'"n  i'je'»'’e  ne^fnsed 
throai^h  the  tissue.  This  slo’'jin.a  "'•"'S  as  due  to 

blocd’a^e  of  the  ■■''esl'ies  by?'  ■^^nc -^omolecules  or  macromolecy.lar 
3_^^peoates .  Tayr  cssumed  th.'''t  in  a  similar  y.-?ay  the  p'^mticles 
forr'ied  ^-luminc-  cd.ot'^in??'  become  im.n acted  causing  a  dec^e^sed 

p erme  " b  1 1  :i  tyf  o f  the  t  i  s  sue  . 

Besides  the  filtering  -ction  of  fibrin  stuhiod  by? 
Henhin,  it  is  anp.'^’cent  th.-t  di'''?inution  of  tlie  flow  of  ^r^.te-'.^ 
throuc-h  a  zone  of  inf la.mm'^.tlon  arust  result  in  a  re'hic ■  w.on 
of  the  spread  of  tissn.e  f"uid  and  lynroh  in'-.o  the  sr?-- 
round.inc*  nccm^l  tissue.  In  t  as  w'yy?  line  s'cce'^d  oi  '^o  lous 
matcnial  from  an  infla^yed  are'^  is  cj.so  li'“'ited,  ^nus 

cvailable  for  immune  reacticns  and  phagocytosis 
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to  render  the  i'^^rit'^nt  innocuous, 

Coa/^ulation  and  bacterial  inva siveness 

Menhin  has  shown  that  bacteT^ial  invasiveness  is 
directly  related  to  the  amount  of  fibrin  deposited  during 
the  local  inf lammatorAr  reaction.  Bacteria  introduced 
into  normal  tissue  are  likely  to  invade  the  tissue  and 
enter  the  systemic  circulation.  Various  bacteria  va-^v 
in  this  capacitv,  Menkin  made  Lise  of  this  difference  in 
invasiveness  between  different  species  of  bacteria  to 
elucidate  factors  governing  bacterial  invasiveness. 

Three  microbes  x-j’ere  studied,  namelv:  Staphylococcus  aureus, 
pneumococcus  type  1,  and  a  strain  of  haemolytic  strepto¬ 
cocci.  These  organ^’ sms  were  injected  into  the  skin  of 
the  fore  limb  of  a  rabbit.  A  diazo  dye,  trypan  blue, 
was  then  Injected  into  the  area  and  the  tributary  l^mph- 
nodes  and  lymphatics  were  examined  histologically  at  suc¬ 
cessive  intervals  to  see  x-jhether  passage  of  the  dye  had 
been  blocked  bv  the  process  of  local  inf larronation.  VJhen 
the  local  inflammation  had  been  caused  by  Staphylococcus 
the  lymphatics  draining  the  area  were  thr (loosed  within 
one  to  four  hours  after  the  injection.  The  rapid  clotting 
induced  by  staphylococci  is  partly  due  to  its  production 
of  the  procoagulant  coagulase.  In  contrast,  at  nineteen 
hours  after  the  int'^oduction  of  streptococci  the  lymphatics 
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were  still  patent,  although  at  this  time  the  beglnnig 
of  daromage  to  the  endothelial  nail  was  perceived.  Two 
days  after  the  introduction  of  streptococci  the  l^nnphatics 
were  finally  blocked  by  thrombi.  The  pneumococci  stimu¬ 
lated  inflammation  ,  which  caused  l^rmphatic  thrombosis 
after  six  to  nine  hours.  Other  workers  have  shown  the 
importance  of  the  fibrin  network  in  tissue  spaces  in 
reducing  Invasion  by  other  species  of  bacteria.  lebowich, 
McKillip,  and  Conboy  (12)  demonstrated  the  primary  mecha¬ 
nism  responsible  for  localization  of  hum.an  cutaneous 
anthrax  to  be  the  mechanical  barrier  consisting  of  clotted 
exudate . 

It  is  thus  evident  that  virulence  and  invasiveness 
are  different  concepts.  Virulence  is  the  bacteriuirls 
capacity  to  dammage  tissue.  Since  very  virulent  microbes 
stimulate  euessive  exudation  and  tissue  thromboplastin 
release,  fibrin  formation  is  most  effective  in  preventing 
the  spread  of  the  most  harmful  organisms. 

Coagulation  and  connect! ye  tissue  formation 

It  is  obvious  that  fibrin  formation  proceeds  such 
processes  of  connective  tissue  formation  as  seen  in  the 
organization  of  a  thrombus,  the  encapsulation  of  an  irri¬ 
tant,  wound  healing,  and  adhesion  formation.  There  is 
an  accumulating  body  of  evidence  that  fibrin  formation 
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not  only  precedes  these  various  forms  of  connective  tissue 
formation,  but  that  it  is  essential  for  the  normal  sequence 
of  events.  Biggs  visualizes  these  events  as  a  growth  of 
granulation  tissue  into  a  mass  of  fibrin,  which  neatly 
fills  the  cavity  to  be  obliterated  or  surrounds  an 
irritant  (13).  This  fibrin  network  would  serve  as  a 
scaffolding  to  guide  the  fibroblasts  and  the  new  capil¬ 
laries,  and  would  be  lysed  after  it  had  fulfilled  this 
function.  MacCallum  (llj.)  in  19i|0  ascribed  two  more  func¬ 
tions  to  the  fibrin  network,  namely  a  bactericidal  and 
a  nutritive  one. 

How  many  of  these  roles  postulated  for  blood  and 
exudate  coagulation  are  fact,  and  how  many  are  fiction? 

At  the  present  there  appears  to  be  enough  evidence  to 
state  that  fibrin  formation  plays  a  role  in  connective 
tissue  formation,  and  that  in  certain  circumstances  it 
is  essential  as  will  also  be  shown  in  this  thesis. 

What  evidence  is  there  for  a  dependence  of  connec¬ 
tive  tissue  growth  on  fibrin  formation? 

Only  recently  has  experimental  work  provided  proof 
for  a  causal  relationship  between  normal  clottingand 
normal  fibroblast  growth,  although  clinical  observations 
had  suiggested  such  a  relationship  before.  Biggs  (13) 
concludes  from  many  case  reports  of  haemorrhage  persisting 
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for  many  days  and  weeks  in  haemophylic  subjects  who  had 
received  small  cuts  or  abrasions,  that  wound  healing  is 
deficient  because  of  this  coagulation  disorder.  Fraenkel 
and  Honey *s  observation  (l5),  that  large  wounds  in  a 
haemophylic  patient  healed  rapidly  during  the  administra¬ 
tion  of  animal  antihaemophylic  globulin,  suggested  that 
connective  tissue  formation  can  be  due  to  the  absence 
of  a  single  clotting  factor.  Astrup  (l6)  noted  that 
patients  with  afibrinogenemia  had  less  pathologic  joint 
changes  than  haemophylic  patients.  He  ascribed  this 
difference  to  a  failure  of  fibrin  deposition  in  the  cases 
of  afibrinogenemia. 

Although  the  above  observations  are  suggestive 
they  are  either  too  sporadic  or  too  Inconsistant  to  con¬ 
stitute  a  proof.  Recently  a  Swiss  family  has  been  dis¬ 
covered  of  which  some  of  the  members  suffered  from  a 
haemorrhagic  dlasthesls  which  also  caused  abnormal  wound 
healing.  Duckert  et  al,  in  Zurich  have  reported  on  this 
disease.  Their  main  findings  will  be  described  below 
because  they  definitely  relate  clotting  with  connective 
tissue  formation.  (17) 

Seven  members,  which  includes  both  males  and  females, 
of  this  family  had  a  history  of  bleeding.  All  seven 
experienced  umbilical  bleeding  twelve  to  fourteen  days 
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after  birth,  which  proved  fatal  for  one  of  them.  After 
very  minor  injury  prolonged  bleeding  and  haematoma  for¬ 
mation  would  occur.  Immediately  following  injury  haemo¬ 
stasis  in  these  patients  was  normal,  but  bleeding  usually 
started  again  2I4.  to  36  hours  later.  Their  wounds  healed 
very  slowly  with  the  formation  of  excessive  granulation 
tissue,  and  resulting  in  extensive,  irregular  and  retracted 
acars.  Standard  coagulation  tests  showed  both  the  intrin¬ 
sic  and  the  extrinsic  coagulation  mechanisms  to  be  normal. 

The  only  abnomial  finding  was  an  abnormal  thrombelastogram, 
which  indicated  that  the  firmness  of  the  blood  clot  was 
less  than  normal  and  that  its  strength  decreased  rapidly. 

This  decreased  clot  stability  was  shown  to  be  due  to  the 
absence  of  fibrin  stabilizing  factor  (PSP),  also  called 
fibrinase,  from  the  blood  of  the  patients, 

Laki  and  Lorand  in  19^8  (I8)  were  the  first  to  des¬ 
cribe  this  factor,  which  is  essential  for  the  formation 
of  a  normal  clot.  These  workers  demonstrated  that 
fibrin  obtained  from  the  action  of  thrombin  on  well  purified 
fibrinogen  and  calcium  was  soluble  in  5  molar  urea.  Later 
Loewy  et  al.,  (20)  and  Lorand  and  Jacobson  (19)  showed  jn  plasma 
that  the  inability  of  the  fibrin  clot  to  dissolve  in  5  molar 
urea  was  due  to  the  action  of  a  globulin.  This  globulin 
was  given  the  name  ’fibrin  stabilizing  factor’  by  Lorand, 
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and  fibrlnase  by  Loewy  and  co-workers.  (20) 

In  accordance  V7ith  the  above  findings,  Duckert  et 
al,  found  the  plasma  clots  of  their  patients  to  be 
soluble  in  5  molar  urea.  In  vitro  and  in  vivo  additions 
of  very  small  amounts  of  normal  blood  would  render  the 
clots  insoluble  in  urea.  Normal  blood  also  corrected 
the  abnormal  tissue  growth.  One  patient  was  glvena 
blood  transfusion  before  the  extraction  of  three  molars. 
This  procedure  prevented  excessive  bleeding  and  also 
caused  the  wounds  to  heal  rapidly  with  normal  cicatriza¬ 
tion. 

Beck  et  al.  made  use  of  this  clotting  defect  to 
show  a  dependence  of  organized  growth  of  fibroblasts  on 
normal  clot  formation.  They  grew  subcultures  of  human 
heart  fibroblasts  in  plasma  clots  from  PSP  deficient 
patients  and  in  clots  from  normal  individuals.  The  cul¬ 
tures  in  the  normal  plasma  dob  s  were  abundant,  very 
regular  in  shape  and  had  elongated  cells  and  the  formation 
of  collagen  fibers.  The  cultLires  in  the  PSP  deficient 
clots  were  scanty,  there  was  loss  of  contact  between  the 
cells  and  their  nuclei  and  cytoplasm  were  of  irregular 
shape.  In  the  latter  cultures  no  collagen  formation  could 
be  observed  and  the  cells  eventually  became  necrosed. 

This  group  of  v7orkers  postulated  as  one  of  the 
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reasons  for  the  abnomal  fibrous  tissue  f^ronth,  thst 
in  t>ie  absence  of  the  fibrin  is  n'^t  abl.e  to  provide 

the  prouth  promoting  mechanical,  traction. 

As  the  only  function  of  APIP  presently  known  is 
inhibition  of  fibrin  formation,  it  was  decided  to  use 
i  t  to  prevent  the  connective  tissue  formation  as 
seen  in  peritoneal  adhesions. 
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Part  1.  PERITONEAL  ADHESIONS 


Materials  and  methods 

Anticoagulant  Fraction  of  Incubated  Fibrinogen  (AFIP): 

APIP  was  prepared  from  Laki’s  fibrinogen  (21) 
as  described  by  Triantophyllopoulous  (22)« 

Since  the  experiments  reported  here  required 
large  amounts  of  APIP,  a  few  minor  alterations  were  made 
which  ppeeded  up  the  production*  For  this  reason,  the 
preparation  as  done  for  these  experiments,  will  be 
described  below. 

Production  of  AFIP 

1*  Dissolve  7  gm.  of  Armour’s  fibrinogen  fraction  1  in 
350  ml.  of  phosphate  buffer  pH  6.[|. 

Since  seven  gm.  lots  were  prepared  each  time, 
li|00  ml.  of  phosphate  buffer  were  made  up  by  mixing  1029 
ml.  monosodium  phosphate  (  27.8  gm. /litre)  with  371  ml.  of 
disodium  phosphate  (  53*85  Na2HP0|^*7H20/ll'tre  or 

71.7  gm.  Na2HP0[^,12H20/litre). 

2.  Dilute  with  equal  amount  of  distilled  water,  which 
should  bring  the  pH  to  6.52 
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3*  Place  the  I4.-IOOO  ml.  beakers  in  the  refrigerator  over¬ 
night. 

Ij..  Take  the  solutions  out  of  the  refrigerator  and  filter 
immediately. 

5.  Add  1/3  of  the  filtrate  volume  of  saturated  ammonium 
sulfate.  This  will  almost  fill  the  1000  ml.  beakers. 

6.  Loave  the  mixtures  stand  for  at  least  one  hour  to  allow 
the  precipitated  fibrinogen  to  rise  to  the  top. 

7.  Take  the  fibrinogen  floating  on  the  surface  off  with  a 
spatula  and  centrifuge  this  at  12000  RPM  for  five  minutes. 

8.  Dissolve  the  precipitate  in  as  small  a  quantity  of 
normal  saline  as  possible  (about  3OO  ml.). 

9.  Dialize  against  0.3  M  KCl  and  change  the  dialysate 
until  it  does  not  produce  any  cloudiness  with  BaGl2. 

10.  Filter  and  determine  the  protein  content  by  doing  a 
biuret  test. 
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Biuret  test:  Add  0.5  ml.  of  the  fibrinogen  to  a  cuvette. 

Add  1.5  ml.  of  0.3  M  KCl  to  this  ,  and  2  ml. 
KOI  to  another  cuvette.  Add  Ij.  ml.  Biuret 
reagent  to  each  of  the  two  tubes.  Place  the 
blank  in  the  Junior  spectrophotometer  and  set 
at  100.  Take  a  reading  on  the  tube  containing 
the  fibrinogen  and  read  the  protein  concen¬ 
tration  from  a  curve  relating  light  intensity 
to  concentration. 

11.  Dilute  the  fibrinogen  solution  to  about  11  mg. /ml. 
and  add  10^  Imidazole  buffer. 

12.  Add  l/5  of  a  bottle  of  streptokinase  activated  hiiman 
flbrinolysin  (donated  by  Ortho  Canada)  to  each  gm.  of 
fibrinogen  in  solution.  This  amount  is  not  definite, 

but  has  to  be  adjusted  so  that  the  fibrinogen  will  be 
sufficiently  lysed  in  three  days  or  slightly  longer. 

13.  Seitz  filter  this  mixture  and  incubate  at  37  C. 

111.  Every  day  a  1  ml.  sample  is  taken  out  under  sterile 
conditions  and  some  thrombin  is  added.  When  the  sample 
remains  clear  or  becomes  faintly  cloudy,  the  solution 


is  taken  out  of  the  incubator. 
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15.  Add  Epsiion-amino-caproic  acid  to  a  concentration  oi' 

u.l  M* 

16.  Aad  0.33  of  this  volume  saturated  ammonium  sulfate. 

17*  Place  in  che  ultra-centrifuge  and  turn  it  on  full  speed. 
As  soon  as  the  speed  is  10,000  RPH,  switch  the  centrifuge 
off.  Save  the  supernatant  and  refill  the  centrifuge  tubes 
leaving  the  precipitate  at  the  bottom. 

l8.  Add  0.5  of  the  supernatant  volume  saturated  ammonium 
sulfate  to  the  supernatant.  Centrifuge  above,  but  this  time 
discard  the  supernatant. 

19*  Dissolve  the  precipitate  in  as  little  normal  saline 
as  possible. 

20.  Dialyze  against  normal  saline  until  no  more  precipit¬ 
ate  forms  on  the  addition  of  BaCl2. 

21.  It  is  possible  to  obtain  a  concentration  of  35  mg,/ml. 
of  APIP  solution  by  this  procedure.  If  however,  tne  conc¬ 
entration  Is  too  low,  it  may  be  doubled  by  dialyzing  it 
against  0.ii5%  saline,  then  hanging  the  dialysis  bag  in  a 
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refrigerator  Tor  a  couple  or  days  until  half of  the  volume 
has  evaporated  off.  This  is  followed  Dy  one  dialysj.s  ag¬ 
ainst  0.9^  saline. 

22.  Epsilon-amino-caproic  acid  is  men  added  lo  a  level 
of  50  mPi. /liter. 

23.  This  solution  is  then  i^elzz  fiiiered  and  stored  in 
rhe  refrigerator  until  used. 

Albumin:  Bovine  albumin  fractionYwas  dissolved  in  0.9fo 

saline  to  the  same  concentration  as  one  aFIF 
used  for  peritoneal  injections.  EAGA  was  added 
to  reach  a  concentration  of  50  mli.,  and  the 
solution  was  Seitz  filtered  and  kept  refrigerated. 

Fibrinogen:  naiii  •  s  riorinogen  prepared  from  Armour  *s  Bovine 

Fibrinogen  Fraction  1  was  prepared  as  described 
in  the  first  10  steps  of  the  AFIF  preparation. 

The  solution  was  then  dialyzed  against  normal  sal¬ 
ine,  after  which  it  was  Seitz  filtered  ana  stored 
under  refrigeration,  lue  to  precipitation  of 
fibrinogen  unaer  high  concentrations,  the  fibrin¬ 
ogen  was  used  for  Intraperitoneai  injections  had 
a  concentration  of  19  mg. /ml. 
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Heparln:  Lipo-Hepin  (Riker  Pharmac.  Co.  Ltd.,  Cooksville, 
Ontario)  was  diluted  to  two  mg.  per  ml.,  Seitz  filtered 
and  kept  under  refrigeration. 

Talcum  Powder;  Three  gms.  of  talcum  powder  (  Talc  No. 7 
The  British  Drug  House,  Canada  Ltd.,  Toronto)  x^rere 
suspended  in  eight  mis.  of  ncrmal  saline  and  autoclaved. 

Penicillin-Streptomyci n;  Aqueous  suspension  of  Penicillin 
Hydro-chloride  200,000  units/ral.  and  dihydro -streptomycin 
sulfate  0.25  gm./ml.  (Stevenson,  Turner  8c  Boyce,  G-uelph, 
Ont ario ) 

TESTS 


Hematocrit ; 

Aheparinized  capillary  tube  (  Schleffelin  &  Co., 

New  York)  x^7as  filled  three-quarters  full  xd  th  fresh  blood. 
One  end  6f  the  tube  was  sealed  with  a  flame.  The  tube 
was  then  spun  at  3000  RPM  for  l5  minutes  and  the  portion 
of  the  total  volume  occupied  by  the  red  blood  cells  x^ras 
read  off  x^rlth  theald  cf  a  milllpfter  ruler. 

Hemoglobin: 

Principle:  Perrlcyanlde  converts  hemoglobin  from  the  ferrous 
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to  the  ferric  state  to  form  methemoglobin,  vjhich  then 
combines  with  the  K-cyanide  to  produce  the  stable  pigment 
cyanmethemoglobin  (2l|)«  These  two  reactions  are  rapid 
and  stoichiometric,  so  that  the  color  intensity  is  prop¬ 
ortional  to  the  concentration  of  the  hemoglobin. 

Reagents:  Drabkin*s  diluent  solution  consists  of: 

NaHC03  1*0  gm.,  potassium  cyanide  (KCN)  50  gm. , potassium 
ferricyanide  (K3Pe(CN)6)  200  rag,,  and  distelled  x/ater  to 
one  liter.  This  is  a  clear  solution  pale  yellow  in  color. 

Procedure:  An  accurately  measured  volixrae  of  blood  (0.02ml.) 

was  diluted  in  5  ral.  of  Drabkin^s  solution.  The  optical 
density  of  this  solution  was  then  compared  with  that  of 
the  standards.  The  optical  density  is  taken  to  be  directly 
proportional  to  the  concentration  of  the  pigment.  The 
color  intensity  was  measured  in  a  junior  spectrophotometer 
set  at  5i|0  my. 

V/hite  blood  cell  count ; 

Using  a  special  diluting  pipette  the  citrated  blood 
was  diluted  1  to  20  with  3%  acetic  acid  (2l|),  The  acetic 
acid  haemolyzes  the  red  cells  and  thus  makes  the  leuk¬ 
ocytes  easier  to  count.  The  pipette  was  shaken 
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for  about  half  a  minute,  A  cover  glass  was  placed  on 
the  Neubauer  counting  chamber.  Several  drops  of  fluid 
were  discarded  from  the  pipette  to  remove  the  fluid  in 
the  capillary  portion  of  the  pipette,  which  was  not  mixed 
with  the  blood,  A  small  quantity  of  the  diluted  blood 
was  then  placed  between  the  cover  glass  and  the  ruled 
platform  of  the  counting  chamber.  The  fluid  will  run 
underneath  the  cover  glass  by  capillary  attraction. 

The  count  is  made  in  five  large  squares  and  the  number 
of  cells  found  in  these  five  squares  is  multiplied  by 
40  to  give  the  count  per  cubic  mm.  The  average  of  two 
such  counts  was  used  for  the  data  presented. 

Platelet  count; 

Citrated  blood  was  drawn  up  to  the  0,5  mark  of 
the  red  cell  count  diluting  pipette  and  filled  to  the 
101  mark  with  diluting  fluid  (i,  e.  sodium  citrate  3,8 
gm,  formaldehyde  0,2  ml,  distilled  water  100  ml.  This 
diluent  was  filtered  before  use  (25)*)  The  pipette  was 
shaken  for  two  minutes,  a  few  drops  discarded  and  a  small 
amount  placed  in  the  counting  chamber.  The  platelets 
were  allowed  to  settle  by  placing  the  counting  chamber 
in  a  Petri  dish  for  l5  minutes.  To  prevent  drying  a 
small  sponge  soaked  with  water  was  also  placed  in  the 
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dish,  The  platelets  were  counted  under  high  power  in 
five  small  squares  of  the  Neubauer  counting  chamber. 

The  number  of  platelets  thus  found  was  multiplied  by 
10,000  to  give  the  platelet  count  per  cubic  mm.  The 
average  of  two  such  counts  was  used  for  the  data 
presented  here. 

Thrombin  clotting  time: 

Two  tenth  of  a  ml,  of  citrated  plasma  were  meas¬ 
ured  into  a  test  tube.  After  warming  it  in  a  waiter  bath 
at  37  degrees  for  l5  seconds,  0,1  ml.  of  thrombin  solution 
^as  blown  into  the  same  tube,  and  the  time  required 
for  a  clot  to  form  was  carefully  determined  by  means  of  a 
stopxvatch.  The  thrombin  solution  employed  was  a  100 
fold  dilution  in  distilled  water  of  Thrombin  Topical, 

Parke  Davis  &  Co.  Ltd,,  and  contained  10  NIH  units  per 
ml. 

Fibrinogen  determination: 

Principle:  The  plasma  is  clotted  by  adding  excess  calcium 

chloride  to  a  mixture  of  25  iril,  saline  and  1  ml,  oxalated 
plasma.  The  amount  of  fibrin  clotted  is  determined  from  its  ty¬ 
rosine  content  (25)« 

Reagents:  Calcium  chloride  IM, 

Sodium  hydroxide  10^ 
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Sodliun  carbonate  20  per  cent. 

Phenol  reagent  2N  Fisher  Scientific  Co,. 
Procedure:  One  ml  of  oxalated  plasma  was  diluted  with 
25  iTil  distilled  water  in  a  30  ml  beaker,  and  0.2  1  M. 

CaCL2  v:ere  added  and  mixed.  After  30  minutes  the  clot 
was  removed  by  wrapping  it  around  a  stirring  rod.  It  was 
then  washed  with  distilled  water  and  put  in  a  test  tube. 

The  clot  was  digested  by  covering  it  with  0,5  ml  of  10 
per  cent  NaOH  and  heating  it  for  30  minutes  in  a  boiling 
water  bath.  The  alkaline  solution  was  diluted  in  a 
volumetric  flask  to  25  ml  with  distilled  water.  Five  ml 
of  this  solution  were  transferred  into  a  large  cuvette  and 
i;,5  I’ll  distilled  water  added.  Nine  and  a  half  ml  distilled 
water  were  added  to  another  cuvette  ,  which  served  as  a 
blank*  To  each  of  these  tubes  0,5  ml  of  Phenol  reagent 
and  3  ml  of  20  per  cent  sodium  carbonate  were  added. 

After  mixing,  the  reaction  mixture  was  allowed  to  stand  for 
30  minutes  to  allow  maximum  color  development.  After 
this  time  the  light  transmittance  of  the  samples  was  read 
using  a  Coleman  Junior  Spectrophotometer  set  at  a  wave 
length  of  mu.  The  transmittance  was  converted  into 
mgs  of  tyrosine  using  for  this  purpose  a  tyrosine  cali¬ 
bration  curve. 

Fibrinogen  determinations  were  also  done  using 
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normal  saline  for  diluting  the  plasma  samples.  Both 
the  determinations  in  saline  and  distilled  water  were 
done  in  duplicates. 

The  tyrosine  calibration  curve  was  constructed 
as  follows:  0.02,  O.OI4.,  O.O6,  O.O8,  and  0.1  mg  of  tyrosine 
contained  in  a  series  of  cuvettes  were  diluted  to  9.5 
ml  with  distilled  water.  Into  each  of  the  tubes  0.5  ml 
of  phenol  reagent  and  3  ml  of  20  per  cent  sodium  carbo¬ 
nate  were  added.  After  30  minutes  the  intensity  of  the 
color  was  read  with  the  C.J.S.  set  at  a  x^ravelength  of 
560  mu.  Prom  the  values  obtained  a  curve  was  constructed 
on  semi -logarithmic  graph  paper. 

To  obtain  the  quantity  of  fibrinogen  in  mg  per 
100  ml  of  plasma  the  tyrosine  value  was  multiplied  by 
the  conversion  factor  535o. 

Titration  of  APIF  with  fresh  blood:  (A  method  to  determine 
APIP  activity) 

To  a  number  of  ml  test  tubes, which  are  marked 
at  2  ml,  the  following  quantities  of  the  APIP  to  be  tested 
were  added:  0.I8,  0.2,  0.22,  0.25,  0.29,  0.33>  0.i|-,  0.5, 
and  0.67  ml  .  To  each  of  these^  fresh  rabbit  blood  was 
added  to  give  a  total  volume  of  2  ml  for  each  tube.  The 
tubes  were  than  covered  with  Parafilm  and  their  content 
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mixed  by  inverting  three  times.  The  mixture  with  the 
lowest  ratio  of  APIP/blood  which  did  not  clot  was  then 
taken  to  be  a  measure  of  the  effectiveness  of  the  API? 
solution  tested.  Depending  on  which  tube  this  happened 
to  be,  the  result  of  the  titration  could  be  expressed 
as  1/10,  1/9,  1/8,  1/7,  1/6,  1/5,  1/1;,  1/3,  and  1/2. 
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Absorption  of  AFIF  from  the  Peritoneal  Cavity 

Experimental  procedure; 

Five  rabbits  were  used  for  this  experiment  and 
were  prepared  as  follows.  Intravenous  nembutal,  6o  mg 
per  ml  was  administered  into  the  marginal  ear  vein.  A 
calculated  dose  of  2?  i^g  per  kg  of  body  weight  was  ad¬ 
ministered  slowly,  but  mostly  an  additional  5  to  10  mg 
per  kg  body  weight  had  to  be  given  for  proper  surgical 
anaesthesia.  The  fur  of  the  neck  and  the  front  of  the 
chest  was  then  clipped  with  animal  clippers.  A  skin 
incision  was  made  along  the  ventral  surface  of  the  neck 
and  the  external  jugular  vein  exposed  and  catheterlzed 
with  a  l5  gauge  polyethylene  tube.  A  very  small  incision 
was  thei-made  through  the  linea  alba  just  below  the  umbi¬ 
licus,  into  the  peritoneal  cavity.  The  APIP  solution 
was  Injected  through  this  opening,  which  was  then  closed 
by  applying  towel  forceps. 

The  dose  of  APIP  was  calculated  as  follows :  The 
blood  volume  of  the  rabbit  was  taken  to  be  70  ml  per  kg 
of  body  weight.  A  titration  of  the  APIP  solution  with 
the  blood  of  a  donor  rabbit  was  done.  The  dose  of  APIP 
administered  was  twice  the  amount  that  would  render 
incoagulable  a  volume  of  rabbit  blood  equal  to  the  calculated 
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blood  volume  of  the  experimental  rabbit.  This  was  ap¬ 
proximately  650  mg.  per  kg.  of  body  weight. 

At  hourly  intervals  after  the  injection  of  APIP, 
blood  samples  were  withdrawn  from  the  catheterand  placed 
in  a  water  bath  at  37  degrees  Centigrade.  After  half  an 
hour  the  samples  were  examined  for  the  presence  of  clot¬ 
ting.  If  clotting  ba  d  taken  place,  the  serum  was  diluted 
with  lOmlU  calcium  chloride  solution.  If  clotting  was 
incomplete  a  clot  would  form  upon  such  dilution. 

Results ; 

Table  1  Peritoneal  absorption  of  APIP 


Time 

1  II 

Rabbit  1 

Rabbit  2 

Rabbit  3 

Rabbit  k- 

Rabbit  5 

1  hr. 

clot 

clot 

clot 

clot 

clot 

2  hr. 

clot 

no  clot 

no  clot 

no  clot 

clot 

3  hr. 

clot 

no  clot 

no  clot 

no  clot 

clot  1 

i;  hr. 

no  clot 

no  clot 

no  clot 

no  clot 

clot 

5  hr. 

clot 

no  clot 

no  clot 

10  clot 

clot 

6  hr. 

clot 

clot 

plot 

clot 

clot 

All  serum  samples  tested  shovi  ed  fibrin  formation* 
Rabbits  one  and  five  showed  the  most  fibrin  formation 
near  the  middle  of  the  seven  hour  period. 
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The  effect  of  kFlF  on  peritoneal  adhesion  formation 

Surgical  preparation  of  the  rabbits ; 

In  each  experiment  two  rabbits  were  used,  one  receiving 
APIP  and  the  control  receiving  albumin.  Both  animals 
underwent  the  same  surgical  procedure. 

The  rabbits  were  anaesthetized  with  intravenous 
nembutal  as  described  above.  The  left  side  and  the  back 
of  the  animal  were  clipped.  This  area  was  then  first 
swabbed  with  ether  followed  by  a  zepherin  chloride  swab. 

A  sterile  technique  was  used  throughout.  A  small  incision 
was  made  through  the  skin  of  the  left  flanl-c  Just  behind 
the  last  rib.  A  similar  incision  was  made  through  the 
skin  of  the  back  between  the  shoulder  blades.  Pine  forceps 
and  sharp  pointed  scissors  were  used  to  dissect  through 
the  abdominal  muscles.  Next  the  peritoneum  was  entered 
with  the  sharp  scissors.  The  end  of  a  soft  catheter-x- 
was  inserted  into  the  peritoneal  cavity.  The  other  end 
was  clamped  in  a  haenostat  and  pushed  from  the  flank 
incision  through  the  subcutaneous  tissue  to  the  incision 
on  the  back,  so  that  the  catheter  emerged  from  the  skin 
at  the  base  of  the  neck.  The  peritoneum  was  closed  by 


Infant  feeding  tubes  -  C.R.  Bard,  Inc.,  Summit,  New  Jersey. 
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simple  continuous  suture  taking  both  theperitoneum  and 
the  abdominal  muscles  at  once.  The  catheter  was  fixed 
in  place  by  a  stitch  around  a  small  piece  of  polyethylene 
tubing,  which  was  molten  crosswise  onto  the  catheter. 

The  skin  was  closed  by  simple  Interrupted  sutures. 

Even  though  the  catheter  protruded  from  the  base 
of  the  nock,  it  appeared  possible  for  the  rabbits  to  pull 
it  out,  so  that  it  was  necessary  to  keep  the  rabbits  in 
a  rabbit  box,  or  have  a  wide  collar  around  their  necks. 
Cardiac  puncture  in  a  rabbit : 

Though  not  strictly  speaking  a  surgical  procedure, 
the  technique  used  here  will  be  described  as  it  was  easy 
and  quick  and  caused  only  one  death  due  to  haemopericardium 
out  of  at  least  100  punctures. 

The  assistant  held  the  unanaesthetized  rabbit  on 
its  back  by  holding  its  hind  legs  in  the  right  hand  and 
the  front  legs  and  ears  in  the  left  hand.  The  operator 
stood  on  the  opposite  side  of  the  table  and  faced  the 
left  side  of  the  rabbit,  which  was  stretched  on  its  back. 
The  left  thumb  is  used  to  locate  the  rabbits  left  inter¬ 
costal  space  where  the  pulsation  of  the  heart  is  felt 
most  markedly,  while  the  left  index  finger  locates  a 
similar  place  on  the  right  side  of  the  thorax  about  one 
inch  lateral  to  the  sternum.  The  point  of  insertion 
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of  the  needle  is  the  intercostal  space  located  by  the 
thumb  one  half  inch  from  the  midline.  The  direction  of 
insertion  is  toward  the  tip  of  the  operators  index  finger, 
and  the  needle  usually  needs  to  be  Inserted  for  half  an 
inch  or  less  to  be  able  to  withdraw  blood. 

Experimental  procedure: 

Thirty  minutes  after  surgery,  while  the  rabbit 
was  still  under  anaesthesia,  the  first  dose  of  APIP  or 
alb-umin  was  injected  through  the  catheter  into  the  perito¬ 
neal  cavity.  Three  hours  after  the  first  dose  a  sterile 
suspension  of  talcum  powder  was  injected  into  the  catheter 
and  flushed  with  2  ml  sterile  saline.  In  the  first  four 
experiments  a  series  of  six-hourly  Intraperltoneal  injec¬ 
tions  of  APIP  in  the  case  of  the  experimental  animals 
and  albumin  in  the  case  of  the  controls  were  started  six 
and  a  half  hours  after  surgery.  In  the  last  four  experiments 
the  multiple  injections  were  replaced  by  a  continuous 
infusion  by  an  automatic  slow  injection  apparatus  The 
amounts  of  APIP  and  albumin  administered  during  the  ex¬ 
perimental  period  are  given  in  table  2  as  the  dosage  per 
six  hours.  A  period  of  five  days  was  allowed  for  adhesion 
formation  except  in  the  first  two  experiments,  which 
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lasted  Six  days. 

As  the  rabbits  used  were  crossbred  domesticated 
animals  and  therefore  most  likely  not  free  of  disease, 
each  one  of  them  received  one  half  ml*  penicillin 
streptomycin  per  day  during  the  experiment,  to  prevent 
flareups  of  chronic  infections,  which  could  result  from 
diminished  fibrin  formation,  or  experimental  stress. 

Upon  termination  of  the  experimental  period  and 
in  the  case  cf  the  first  four  experiments  three  hours 
after  the  last  Injection,  a  blood  sample  was  taken  by 
cardiac  puncture,  part  of  which  was  oxalated  and  part 
citrated.  The  animal  was  then  killed  with  an  over-dose 
of  nembutal  • 

The  autopsy  consisted  of  a  gross  examination  of 
the  peritoneal  cavity  and  thoracic  viscera,  and  a  micros¬ 
copic  examination  of  some  adhesions  and  peritoneal  smears. 

The  blood  samples  were  used  for  leukocyte  and  plate¬ 
let  counts,  and  haematocrit  and  haemoglobin  and  fibrin¬ 
ogen  determinations. 
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Table  2 


Values  for  adhesion  experiments 


No. 

Dose 

mp;/ 6hrs . 

Adh. 

W.B.C. 

PI. 

Ht. 

Hb. 

Pb, . 

Th  time 
seconds 

Cl 

M 

El 

5oo 

C2 

M 

33 

270 

267 

10.0 

E2 

550 

- 

6500 

58ij.ooo 

27 

1090 

1020 

27.7 

G3 

55o 

M 

11720 

700000 

27 

7.9 

332 

320 

9.0 

E3 

550 

P 

10520 

510000 

30 

9.2 

722 

540 

30.0 

ck 

700 

H 

5320 

620000 

25 

6,0 

411 

375 

7.0 

700 

P 

3200 

650000 

25 

6,i|. 

756 

575 

11.5 

cS 

700 

M 

5i6o 

360000 

32 

8.8 

590 

573 

6.0 

700 

- 

3880 

ij.50000 

28 

8.3 

847 

738 

16.0 

C6 

700 

M 

5400 

560000 

32 

8.6 

895 

831 

10.0 

B6 

700 

- 

3000 

14.50000 

29 

8.1 

875 

690 

20.0 

"7 

700 

M 

7880 

600000 

29 

8.2 

775 

740 

7.5 

E7 

700 

- 

5500 

I4.30OOO 

27 

8.0 

730 

515 

30.0 

C8 

700 

M 

U360 

690000 

33 

10.0 

810 

JTMl. 

7.0 

e8 

700 

P 

I|.81|.0 

580000 

32 

8.8 

1011 

888 

21.0 

/ 
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Results ; 

Table  2  is  a  suramary  of  the  data  obtained. 

The  controls  are  indicated  by  C,  and  the  experimental 
animals  by  E. 

M  indicates  many  adhesions,  P  indicates  the  presence 
of  a  few  adhesions  between  the  liver  and  the  diaphragm, 
and  indicates  the  absence  of  any  adhesions, 

Ht,  is  the  voloime  of  packed  red  cells  per  100  ml  blood. 

Hb.  is  haemoglobin  in  grams  per  100  ml  blood. 

Pb.  is  the  fibrinogen  concentration  in  mgs  per 
100  ml.  of  plasma.  The  top  figures  for  each  animal  indicate 
the  concentrations  obtained  by  clotting  the  plasma  in 
distilled  water  and  CaCl2>  and  the  second  value  was  obtained 
by  clotting  the  plasma  in  0.85  io  saline  and  CaCl2» 

The  fibrinogen  concentrations  obtained  with  distilled 
water  were  higher  than  those  obtained  with  saline.  This 
difference  was  greatest  in  the  animals  receiving  APIP. 

Th.  time  indicates  the  thrombin  time. 


Figure  1 


Figure  2 
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Crross  appearance  of  the  peritoneum. 

Figure  1  is  a  photograph  of  a  control  animal, 
which  had  received  albumin.  Massive  adhesions  could 
be  seen  where  ever  talc  was  in  contact  with  two  perito¬ 
neal  surfaces  as  seen  here  between  the  liver  and  large 
intestine,  and  between  the  large  intestine  and  the  parietal 
peritoneum.  Such  adhesions  were  seen  in  all  controls. 

Another  finding  characteristic  of  the  controls 
was  that  the  talc  was  localized  in  large  lumps,  and  where 
no  talc  was  present,  the  peritoneum  had  a  healthy  shiny 
appearance.  No  cloudy  exudate  could  be  seen. 

Figure  2  is  a  photograph  of  an  experimental  animal, 
which  had  received  AFIP.  Four  animals  had  no  adhesions, 
one  of  which  is  shown  here,  and  four  had  a  few  adhesions 
between  the  liver  and  diaphragm.  All  experimental  animals 
showed  signs  of  inflammation  ,  such  as  redness  of  the 
peritoneal  surface  and  the  presence  of  cloudy  exudate. 

The  talc  had  spread  diffusely  through  the  peritoneal 
cavity. 

Rabbits  3,  I4.,  and  5  bad  faulty  healing  of  the 
peritoneal  incision,  so  that  during  the  experiment  some 
AFIF  solution  leaked  through  a  peritoneal  fistula. 
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To  determine  the  nature  of  the  peritoneal  exudate 
in  the  experimental  animals  a  sample  of  the  exudate 
was  examined  bacteriologically  and  histologically  on 
three  different  occasions.  None  of  the  samples  showed 
any  growth  when  cultured  in  nutrient  broth,  nor  could 
any  bacteria  be  found  on  direct  smears.  In  smears  stained 
with  V/right*s  stain  (26)  followed  by  Giemsa  stain  (26) 
the  exudate  was  seen  to  contain  large  numbers  of  neutro¬ 
phils,  fewer  monocytes,  and  some  red  cells. 
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Low  power  photomicrograph  of  a  section  through  an  adhesion 
between  intestines,  stained  with  phosphotungstic  acid. 

1  and.  1’  are  degenerating  serosal  surfaces. 

2  is  fibrin. 

Between  the  serosa  and  fibrin  are  areas  of  fibroblast 
proliferation  and  collagen  formation.  The  fibroblasts 
appear  to  be  invading  the  central  area. 
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High  power  photomicrograph  of  the  area  outlined  on  the 
previous  page. 


The  dark  area  is  fibrin,  which  is  being  invaded  by  fibroblasts. 


Figure  5 
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The  effect  of  Intraperltoneal  Injections  of  fibrinogen 

on  adhesion  formation. 


Procedure ; 

Two  rabbits  were  prepared  surgically  as  for  the 
previous  experiments.  Half  an  hour  after  the  operation 
the  animals  were  injected  with  30  ml  of  sterile  fibrinogen 
in  saline  solution  (  19  mg/ml  ).  After  three  hours  each 
animal  received  3  grams  of  talc  in  a  sterile  suspension 
intraperit one ally.  After  four  hours  the  rabbits  received 
another  30  ml  of  the  same  fiiirinogen  solution,  this  being 
the  first  of  a  series  of  similar  injections  given  every 
eight  hours  for  five  days.  At  the  end  of  this  period 
the  same  examinations  were  done  as  in  the  above  experiments. 
Results ; 

The  gross  appearance  of  the  peritoneal  cavity 
is  shown  in  figure  The  Injected  fibrinogen  had  clotted 
so  that  the  peritoneal  viscera  were  seen  embedded  in 
one  large  mass  of  fibrin. 

The  haematological  data  are  given  below. 


Table  3 


Rabbit 

w.B.c: 

PL. 

Ht. 

Hb. 

Pb. 

Th  time  secs. 

1 

3280 

8I|.0000 

35 

11 

690 

6li0 

12 

2 

[|.6L|.0 

750000 

3k 

10.2 

790 

665 

11 

Figure  6 


The  effect  of  Intraperltoneal  heparin  injections  with 


the  presence  of  talc  In  the  peritoneal  cavity. 

Procedure ; 

Three  rabbits  were  prepared  surgically  as  before. 

One  hour  after  the  operation  a  dose  of  l5  mg  per  kg  body 
weight  of  heparin  was  administered  intraperitoneally 
in  the  form  of  a  sterile  saline  solution  containing  2 
mg  heparin  per  ml.  Two  hours  there  after  3  grams  of 
talc  were  injected  into  the  peritoneal  catheter.  After 
another  hour  had  elapsed  the  rabbit  was  placed  in  a 
rabbit  box  and  the  catheter  hooked  up  to  a  50  ml  syringe 
in  the  continuous  flow  apparatus,  which  delivered  21}.  ml 
of  the  heparin  solution  over  a  period  of  6  hours. 

Results ; 

Two  rabbits  were  found  dead  the  following  morning, 
while  the  third  rabbit  survived  a  day  and  a  half.  The 
appearance  of  the  peritoneal  cavity  is  shown  in  figure  6, 

In  all  three  cases  the  peritoneal  cavity  was  found  full 
■j^lood,  and  the  talc  was  distributed  diffusely  through 
the  cavity.  The  animals  had  an  exsanguinated  appearance, 
and  death  was  thus  likely  due  to  peritoneal  haemorrhage 
caused  by  irritation  of  the  talcum  powder  and  the  absence 
of  thrombin.  One  rabbit  showed  intrapulmonary  haemorrhage. 
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Part  2.  ^FSCT  OP  PAREITTSRAL  AFIF  AND  ALBUMIN  ON 

FIBRINOGEN  CONCENTRATIONS 


Introduction: 

Although  the  six  hourly  doses  administered  to  the 
rabbits  used  Tor  adhesion  studies  were  mostly  larger  than 
the  doses  given  to  the  rabbits  Tor  adsorption  studies, 
the  blood  oT  the  Tormer  group  clotted  Tirmly  at  the  end 
oT  the  Tive  day  experiment.  This  observation  suggested 
that  either  the  ability  oT  the  peritoneum  to  absorb  APIF 
had  decreased  and  /  or  the  anticoagulant  activity  oT  the 
APIF  solutionTor  the  particular  animal  had  decreased. 

The  last  conclusion  iT  true,  would  greatly  hinder  studies 
oT  the  eTTect  oT  AFIP  on  connective  tissue  Tormation 
other  than  by  local  application. 

During  the  Tollowing  experiments  the  above  obser¬ 
vation  was  conTirmed  and  its  nature  made  clear. 

Anticoagulant  activity  oT  intraperitoneal  AFIF  at  the 
beginning  and  end  oT  a  Tive  day  period  oT  AFIP  administration. 
Procedure : 

A  rabbit  was  prepared  with  a  peritoneal  catheter 
as  beTore  .  An  intraperitoneal  dose  oT  7^0  mg  AFIP  per 
kg  body  weight  was  administered.  Three  and  a  halT  hours 
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after  this  Injection,  a  blood  sample  was  taken  by  heart 
puncture  for  a  Lee-White  clotting  time  (25)  and  a  thrombin 
time  determination.  Eight  hours  after  the  first  injection 
a  same  dose  of  APIP  was  given  and  this  was  repeated 
every  eight  hours  for  five  days.  Three  and  a  half  hours 
after  the  last  Injection  another  blood  sample  was  taken  , 
for  clotting  time  and  thrombin  time  determinations. 

Results ; 

Plrst  sample-  clotting  time  3,5  minutes 

thrombin  time  62  seconds 

Second  sample-  clotting  time  l\.  minutes 

thrombin  time  l8  seconds 

On  autopsy  a  large  amount  of  clear  viscous  fluid 
resembling  APIP  was  found  in  the  peritoneal  cavity. 

An  attempt  to  maintain  in  vivo  incoagulability  of  rabbit 

blood  by  repeated  Intravenous  injections  of  APIP. 

Procedure ; 

A  jugular  catheter  was  inserted  in  each  of  two 
rabbits  and  the  end  of  the  catheter  was  made  to  protrude 
through  a  small  incision  on  top  of  the  skull.  The 
Incision  in  the  neck  was  then  closed  by  simple  interrupted 
sutures  and  the  animal  allowed  to  recover  from  the  anaes¬ 
thetic.  A  dose  of  500  rag  APIP  per  kg  body  weight  was 
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injected  into  the  jugular  catheter.  Five  minutes  later 
a  couple  ml  of  blood  were  run  from  the  catheter  and 
discarded,  and  then  a  one  ml  blood  sample  was  taken  to 
test  its  coagulability.  Every  hour  there  after  for  seven 
hours  a  sample  was  withdrawn  and  time  allowed  for  clotting# 
After  seven  hours  the  rabbits  were  placed  in  a  rabbit 
box  and  given  a  continuous  infusion  at  the  rate  of  500 
rag  APIP  per  six  hours*  The  following  day  the  coagulability 
of  the  blood  was  again  tested. 

Results ; 

The  first  dose  of  APIP  rendered  the  blood  of  one 
rabbit  incoagulable  for  five  hours  and  the  blood  of  the 
second  rabbit  for  six  hours.  After  one  day  the  same 
dose  of  APIP  did  not  make  the  blood  incoagulable  any  more. 

There  was  no  bleeding  from  the  surgical  incision 
nor  any  haematoma  formation. 
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The  effect  of  a  single  dose  of  AFIF  on  AFIP  titration. 


thrombin  time,  and  the  plasma  fibrinogen  level. 

Procedure ; 

Nine  rabbits  were  used  for  this  experiment. 

Thirteen  mis  of  blood  were  taken  by  cardiac  puncture, 
nine  of  which  were  used  to  titrate  with  an  APIP  solution 
and  the  remaining  four  were  oxalated.  The  plasma  was 
collected  from  the  four  ml  of  blood*  One  ml  of  plasma 
was  used  to  determine  the  fibrinogen  level  and  the  remain¬ 
der  frozen  and  stored  till  the  next  day.  The  fibrinogen 
determination  was  not  done  in  duplicate  in  order  to  take 
as  little  blood  from  the  rabbit  as  possible,  thus  reducing 
possible  effects  caused  by  blood  loss.  The  titration 
value  obtained  above  was  used  to  calculate  the  amount  of 
APIP  necessary  to  render  the  rabbits  blood  incoagulable* 

A  dose  slightly  in  excess  of  this  was  administered  intra¬ 
venously  into  the  marginal  ear  vein  over  a  period  of 
five  minutes.  After  21}.  hours  a  larger  blood  sample  than 
before  was  taken  and  a  second  APIP  titration  and  fibrinogen 
determination  (  this  time  in  duplicate  )  were  done. 

The  remaining  plasma  was  mixed  with  APIP  in  the  propor¬ 
tions  indicated  in  table  I}.,  and  the  thrombin  time  of  the 
mixture  determined.  The  frozen  plasma  from  the  previous 
day  was  thawed  out,  mixed  with  the  same  APIP  in  the  same 
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proportions  and  a  thrombin  time  was  done  using  the  same 
thrombin  solution. 


Results ; 


Effect  of  I.V.  AFIF 

Table  hj. 


No. 

Dose 

m/M 

Titr.  1 

Titr.  2 

Pb.  1 

Pb.  2 

Th.  t.l 
seconds 

Th.  t .  2 
seconds 

1 

390 

1/6 

l/2 

9 

13. 

2 

410 

1/4 

1/1.  .. 

270 

430 

30 

19.5 

} 

410 

1/8 

1/7 

290 

kl2 

00 

55. 

4 

400 

1/8 

1/8.. 

270 

370 

.  30 . 

59 

5 

4oo 

1/8  

1/5. . 

294 

370 

20 

.56 . 

6 

320 

1/10 

.  1/6  . .  . 

247 

295 

56 

30  ^  . 

7 

330 

1/8 

1/6 

295 

290 

30 

26 

8 

390 

1/10 

1/7 

200 

355 

30 

30 

9 

380 

JZ2 _ 

^ _ 

267 

475 

26 

26 

Titr.  is  the  lowest  value  of  APIP  solution/blood  which 
remained  incoagulable. 

Thrombin  times  of  No.  1  were  done  on  whole  blood  on  two 
separate  days.  The  other  thrombin  times  were  done  as 
described  in  the  procedure.  In  No.  2  the  thrombin  time 
was  done  on  a  mixture  of  1  part  APIP  and  8  parts  of  blood; 
in  No.  3  on  a  mixture  of  1  part  APIP  and  10  parts  of  blood; 
in  i;  and  5  on  mixtures  of  .8  parts  APIP  and  10  parts  of  blood; 
and  the  rest  on  mixtures  of  .7  parts  APIP  and  10  parts  of  blood. 
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The  effect  of  raising  plasma  fibrinogen  in  vitro  on 

AFIF  titration^ 

In  the  previous  experiments  It  became  obvious, 
that  with  the  decrease  of  anticoagulant  activity  of  APIP 
there  was  a  simultaneous  rise  in  the  fibrinogen  concen¬ 
tration.  This  experiment  was  done  with  the  object  to 
demonstrate  a  relationship  between  fibrinogen  concentration 
and  APIP  activity. 

Procedure ; 

Presh  blood  from  five  different  rabbits  was  mixed 
in  various  proportions  with  APIP  in  saline  solution. 

In  one  such  series  of  mixtures  a  small  amount  of  fibrinogen 
in  buffered  saline  solution  had  been  added  previously  to 
the  APIP  solution,  while  in  a  second  and  identical  series 
of  mixtures,  serving  as  controls,  buffered  saline  had 
been  added,  (  The  buffer  was  l/lO  volime  0,2  M  imidazole 
buffer  of  pH  7«52  ).  The  content  of  each  tube  is  given 
in  tables  5  and  6.  After  addition  of  the  blood  the  tubes 
were  covered  with  Parafilm,  their  content  mixed  by  inverting 
three  times  and  then  placed  in  a  water  bath  at  37 *C. 

After  half  an  hour  the  tubes  were  examined  for  the  presence 
of  coagulation.  The  plasma  fibrinogen  concentrations 
were  determined  for  all  rabbits. 
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•  Effects  of  Increased  fibrinogen  concentration 


Table  ^ 


- 

Tube 

No.  No.* 

APIP 

Pb.  in 
Saline 

No. 

in  No. ’ 

Blood 

Clotting 
in  No. 

Clotting 
in  No. ’ 

1 

1* 

0.17 

0.23 

1.60 

yes 

yes 

2 

2* 

o 

(M 

. 

O 

0.23 

1.57 

yes 

no 

2 

jj 

0.22 

0.23 

.  .1.55 

yes 

no 

!l 

_ 

0.25 

0.23 

1.52 

yes 

no 

? 

5  ’ 

0.29 

0.23 

l.i|-8 

yes 

no 

6 

6* 

0.33 

0.23 

 i.iti; 

no 

no 

7 

7* 

O.ltO 

0.23 

1.37 

no 

no 

All  above  values  are  in  mis.  APIP  concentration  is  37*5  mg/ml. 
Pibrinogen  concentration  is  9  mg/ml.  Blood  is  from  the  first 
rabbit • 


Table  6 


Tube 

APIP 

Pb.  in 

No. 

Blood 

Clotting  in 

No. 

Clottinp:in 

Nol 

No. 

No.* 

Saline 

inNo. * 

#z 

#3 

#k 

C\J 

n 

1 

1* 

0.18 

0.15 

1.67 

yes 

yes 

yes 

yes 

no 

yes 

yes 

nc 

2 

2* 

0.20 

0.15 

1.65 

yes 

yes 

y^ 

yes 

no 

no 

no 

no 

3 

3* 

0.22 

0.15 

1.63 

yes 

yes 

CO 

yes 

no 

no 

no 

no, 

k 

k' 

0.25 

0.15 

1.60 

no 

yes 

yes 

yes 

no 

no 

no 

no 

5 

5* 

0.29 

0.15 

1.56 

no 

no 

no 

no 

no 

no 

no 

no 

6 

6  * 

0.33 

0.15 

1.52 

no 

no 

no 

no 

no 

no 

no 

no 

z 

7* 

0.14.0 

0.15 

l.W 

no 

no 

no 

no 

no 

no 

no 

no] 

Pb,  cone,  is  13.1).  mg/ml.  #  means  rabbit.  Other  values  as  above. 


Prom  tables  5  and  6  it  can  be  seen  that  the  increased 
fibrinogen  concentration  increased  the  miniinum  amount  of 
APIP  necessary  to  prevent  clotting. 

The  plasma  fibrinogen  concentrations  of  the  five 
rabbit  blood  samples  were  as  follows: 


Rabbit 


Pb.  concentration 


#1 

#2 

#3 


270  mg/lOOoc  plasma 
278  mg/lOOoc  plasma 
278  mg/lOOcc  plasma 
311  rag/lOOcc  plasma 
288  mg/lOOcc  plasma 
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The  effect  of  a  single  dose  of  albiimln  ol!  AFIF  titration 

and  the  plasma  fibrinogen  level. 

Procedure ; 

Five  rabbits  were  used  for  this  experiment*  A 
blood  sample  was  taken  for  APIP  titration  and  fibrinogen 
determination*  Then  370  mg  albumin/kg*  body  weight 
were  injected  Intravenously*  The  albumin  was  dissolved 
in  a  saline  solution(i^.O  mg*/cc.)*  After  2l\.  hours 
another  blood  sample  vras  taken  and  the  same  determin¬ 
ations  were  repeated  using  the  same  APIP  solution 
for  titration  as  before* 

Results ;  Effects  of  I»V.  Albumin 


Table  7 


Rabbit 

Titr*  1 

Titr.  2 

Flbr.  1 

Plbr.  2 

1* 

1/1 . . ... 

. .  .i/i .... 

320 

1(.00 

2. 

1/3  . 

1/2  . 

26k 

h20 

.3. 

.  1/8. .... . 

. ...  

295 

h20 

1;. 

1/8  

1/5  . 

310 

. .  iA.o 

5. 

1/9  .... 

^1/6 

225 

460  . 

Values  of  units  as  before* 
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The  effect  of  single  saline  infections  on  the  AFIF 


titrations  and  the  plasma  fibrinogen  levels. 

Procedure ; 


Exactly  the  same  experimental  procedures  were  used 
as  above,  with  the  only  difference  that  normal  saline 
was  used  in  the  place  of  albumin.  The  dose  of  saline 
was  ml, /kg,  body  weight,  or  the  same  volume  as  used 

for  the  albumin  injections, 

-  Effects  _ I.V.  Saline 

Table  8 


Rabbit 

Tltr.  1 

Titr.  2 

Pibr •  1 

Pibr.  2 

#1 

l/8 

1/6 

278 

325 

#2 

1/9 

1/9 

230 

2l^3 

#3  . 

1/8 

 1/8  

300 

300 

#4. .. 

.  ..l/9 

1/9 

208 

19t)- 

#5 

1/9 

.  .  . l/8  . . . 

223 

325 

#6 

1/9 

1/9 

293 

330 

#7 

1/9 

_ 1/9 _ 

290 

278 

Statistical  evaluation  of  the  rise  in  fibrinogen  levels: 

A  T-test  was  done  on  the  fibrinogen  values  before 
and  after  the  injection  of  APIP,  albumin  and  saline 
respectively. 

The  probability  that  the  results  were  not  signlf- 
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icant  wasless  than  1%  for  the  experiment  with  AFIP. 
For  the  albumin  experiment  the  probability  was  less 
than  ^'1^.  The  Increase  when  saline  was  injected 
was  not  significant  at  the  point. 
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DISCUSSION 


Prom  the  results  of  the  first  part  of  this  thesis 
it  is  obvious  that  APIP  did  interfere  with  the  formation 
of  adhesions.  To  realize  the  nature  of  this  interfer¬ 
ence  the  action  of  APIP  should  be  considered  first. 

APIP  is  an  anticoagulant  which  interferes 
mainly  with  the  last  step  of  coagulation,  where  fibrin¬ 
ogen  is  converted  into  fibrin  through  the  catalytic 
action  of  thrombin#  It  also  inhibits  thromboplastin 
formation  to  a  lesser  extent. (21,27,28,29,30)  The 
nature  of  the  inhibitionof  the  conversion  of  fibrinogen 
to  fibrin  is  not  completely  known  and  remains  for  the 
present  a  controversial  issue.  Triantaphyllopoulos 
and  Kowalski  and  co-workers  produced  evidence  suggesting 
that  APIP  competes  both  v/lth  fibrinogen  for  thrombin, 
and  retards  the  polymerization  of  the  fibrin  monomer. 
Alkjaersig  and  Pletcher  on  the  other  hand,  maintain 
that  the  action  of  APIP  is  solely  due  to  interference 
with  the  polymerization  of  the  fibrin  monomers . (31 ) 

Por  the  work  presented  here  the  important  point  is 
that  most  workers  agree  that  APIP  interferes  mainly 
with  the  last  step  in  blood  coagulation  and  that 
APIP  from  bovine  origin  does  not  prevent  the 
consumption  of  prothrombin.  (32) 
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Heparin  acts  both  in  the  earliest  phase  of  clotting  and 
together  with  anti -thrombin  11  as  an  anti- thrombin,  (33 ) 

We  can  therefore  assume  that  the  reason  for  the 
presence  of  severe  intr a- abdominal  bleeding  in  the 
rabbits  receiving  heparin, and  the  absence  of  such  bleeding 
in  the  rabbits  receiving  APIP  was  due  mainly  to  the  absence 
of  a  physiologically  active  thrombin  in  the  former  and 
its  presence  in  the  latter.  There  is  evidence  that 
small  amounts  of  thrombin  will  cause  the  platelets  to 
stick  and  undergo  viscous  metamorphosis ,  (3ii)  Thrombin 
also  releases  the  vasoconstrictor  serotonin  from 
platelets  ,(35)  It  is  likely  that  the  tvjo  above  mech¬ 
anisms  accounted  for  the  effective  hemostasis  in  the 
APIP  treated  rabbits,  whereas  in  the  heparinized  rabbits 
platelet  clumping  does  not  take  place.  It  is  less  likely 
that  the  difference  was  due  to  the  fact  that  the  APIP 
acted  only  locally  during  the  five  day  period,  because 
in  at  least  one  of  the  rabbits,  complete  incoaguabillty 
of  blood  taken  from  the  ear  vein  was  apparent  a  couple 
of  hours  after  the  first  injection  of  APIP.  In 
addition,  Triantaphyllopoulos  (32)  observed  effective 
hemostasis  in  rabbits  whose  blood  was  rendered  completely 
Incoaguable  by  intravenous  APIP  infusions  and  similar 
observations  X'O'ere  made  in  this  thesis. 
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It  Is  interesting  to  observe  that  the  inflam¬ 
mation  produced  by  the  talc  in  the  peritoneum  of 
heparinized  rabbits  was  severe  enough  to  damage  the  small 
blood  vessels  underlying  the  peritoneal  mesothellum  suf¬ 
ficiently  to  cause  extensive  bleeding.  This  demonstrates 
the  potential  danger  cf  inflammatory  reaction  in  hem- 
ophyllc  patients  and  patients  suffering  from  other  hemor¬ 
rhagic  disorders  caused  by  a  lack  of  thrombin  formation. 

Prom  histological  and  gross  examinations,  and  taking 
into  account  the  work  of  Menl^cin,  the  following  steps 
can  be  postulated  in  the  formation  of  peritoneal 
adhesions:  irritation  of  the  peritoneal  surface;  prod¬ 
uction  of  an  inflammatory  exudate;  clotting  of  the  ex¬ 
udate,  with  the  subsequent  sticking  together  of  the 
two  apposing  peritoneal  surfaces;  loss  of  mesothelial 
definition  and  invasion  of  the  fibrin  by  fibroblasts, 
accompanied  by  the  laying  down  of  eallagen  fibers 
and  the  invasion  of  capillary  buds. 

Since  the  prevention  of  adhesion  formation  by 
APIP  was  shown  to  be  the  result  of  its  inhibition  of  fib¬ 
rin  formation,  the  conclusion  may  be  drawn,  that  the 
laying  down  of  fibrin  is  an  early  > and  essential  step 
in  the  formation  of  the  connective  tissue  of  adhesions. 

Spagna  and  Peskln  (36)  had  shown  essentially  the  same 
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by  preventing  the  adhesions  which  normally  follow  the 
crushing  of  the  cecum  of  a  rat  by  intraperitoneal  fib- 
rinolysin  injections.  However  since  the  trauma  was  minor 
and  temporary  the  gross  appearance  of  the  adhesions  in 
their  control  rats  was  loose  and  fibrinous,  and  no 
histological  studies  of  these  adhesions  were  done. 

In  three  of  the  rabbits  treated  with  APIP,  adhesion 
formation  had  taken  place  between  the  liver  and  the 
diaphragm,  A  possible  explanation  for  this  may  be 
that  the  increased  volume  of  the  peritoneal  cavity 
caused  by  the  large  volumes  of  fluid  injected  caused 
a  relatively  close  apposition  of  the  peritoneal  surfaces 
of  the  liver  and  diaphragm,  reducing  the  volume  of 
APIP  bathing  these  surfaces.  It  can  thus  be  reasoned 
that  the  inflammatory  exudate  in  this  area  diluted 
the  small  amount  of  APIP  to  such  an  extent  that  it 
could  not  prevent  fibrin  formation. 

The  experiment  in  addition  demonstrated  the 
localizing  and  protective  actions  of  fibrin.  In  the 
control  animals  the  peritoneal  surface  had  a  shiny  healthy 
appearance  and  the  talc  was  localized  in  a  few  large 
lumps,  in  contrast  with  the  peritoneum  of  the  experi¬ 
mental  animals  which  looked  inflamed  (whitish  exudate 
and  redness  of  the  peritoneal  surface  ),  and  talc  crystals 
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were  dispersed  throughout  the  peritoneal  cavity. 

It  should  be  noted  that  the  leukocyte  count  was 
in  the  normal  range  for  both  the  experimental  and  control 
animals.  The  haematocrit  and  haemoglobin  were  found 
to  be  depressed  to  the  same  extend  in  both  groups,  which 
may  at  least  in  part  be  due  to  haemodilution.  APIP 
did  not  affect  the  platelet  count.  The  increased  thrombin 
times  in  the  APIP  treated  rabbits  indicate  the  presence 
of  APIP  in  the  blood  stream.  Another  Indication  of  the 
presence  of  APIP  in  the  blood  is  that  the  difference 
between  the  fibrinogen  determinations  in  saline  and  in 
distilled  water  seen  in  the  APIP  treated  rabbits  was 
greater  than  in  the  albumin  treated  rabbits.  Trianta- 
phyllopoulos  (31  )  showed  this  to  be  due  to  the  fact 
that  APIP  is  active  in  saline,  but  not  in  distilled  water. 

The  control  animals  injected  with  fibrinogen 
showed  the  opposite  effect  of  the  APIP  injections, 
namely  one  large  fibrin  mass  connecting  all  the  perito¬ 
neal  viscera  together. 

The  large  rise  in  the  plasma  fibrinogen  levels 
obsereved  in  the  adhesion  experiments  was  not  surprising  • 
Poster  and  Whipple  (37)  as  early  as  1922,  reported  on 
the  effects  of  a  number  of  experimental  conditions  and 
diseases  on  the  plasma  fibrinogen  levels.  They  concluded 
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that  diseases  and  conditions,  t^ich  stimulate  or  depress 
liver  function,  in  a  like  manner  and  in  equal  degree, 
stimulate  or  depress  fibrinogen  production*  Since  then 
a  rise  in  fibrinogen  concentration  has  been  reported 
in  a  large  number  of  clinical  conditiond*  Elliot  and 
Buckell  (38)  in  a  short  survey  listed  the  following: 
typhoid  fever,  bronchopneiimonia,  rheumatic  arthritis, 
leukemia,  coronary  thrombosis,  arteriosclerosis,  ankylosing 
spondylitis,  cardiac  infarction,  multiple  sclerosis, 
and  chronic  epileptic  encephalitis.  Pensdorff  et  al,  (39) 
reported  on  extremely  high  fibrinogen  levels  in  famillial 
mediterranean  fever.  Elliot  and  Buckel,  and  Losner  et 
al.  found  a  rise  in  fibrinogen  concentration  to  be  of 
prognostic  value  in  cerebral  accidents  and  myocardial 
infarctions.  Both  groups  found  the  prognosis  to  be  grave 
if  after  an  attack  the  fibrinogen  level  rose  to  over 
800  mg  per  100  ml  of  plasma.  This  led  Losner  and  Volk 
(I4.O,  I{.1)  to  believe  that  the  extend  of  the  rise  in 
fibrinogen  concentration  reflected  the  amount  of  tissue 
daimtiage.  When  this  group  experimentally  produced  infarc¬ 
tions  of  various  sizes  in  a  number  of  dogs,  they  indeed 
found  the  largest  rise  in  fibrinogen  to  be  associated 
with  the  most  extensive  infarctions  (i^). 

Hidalgo  et  al.  studied  the  effect  of  tissue 
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daiTMtage  in  rabbits  on  their  fibrinogen  levels.  They 
found  a  fall  in  fibrinogen  immediately  after  extensive 
tissue  dam»age,  followed  after  2k  hours  by  a  rise. 

They  postulated  that  the  initial  x'all  was  caused  by  a 
release  of  tissue  thromboplastin  with  subsequent  thrombin 
foriaation  and  intravascular  clotting  of  fibrinogen,  and 
that  the  subsequent  rise  in  fibrinogen  was  due  to  the 
stimulating  effect  of  thromboplastin  on  the  liver.  It 
seems  doubtfull  that  thromboplastin  should  be  the  factor 
responsible  for  the  rise  in  fibrinogen  concentration. 

Poster  and  Whipple  stimulated  increased  fibrinogen 
concentrations  in  dogs  by  feeding  high  protein  diets, 
and  in  this  thesis  a  rise  in  fibrinogen  was  obtained  by 
a  single  intravenous  injection  of  foreign  proteins. 

In  these  two  latter  experimental  conditions  there  was  no 
significant  release  of  tissue  thromboplastin.  It  seems 
thus  logical  to  agree  with  Poster *s  and  Whipple ’ scone lusion 
that  the  elevation  of  the  plasma  fibrinogen  level  is  a 
non  specific  response  to  any  condition  which  will  stimulate 
liver  function. 

It  is  worth  noting  that  although  the  rise  in 
fibrinogen  concentration  is  non  specific,  it  may  be  an 
effective  mechanism  to  correct  potential  haemorrhagic 
conditions  due  to  the  presence  of  circulating  APIP, 
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Sirnultaneous  with  the  rise  in  fibrinogen  there 
was  a  generally  corresponding  increase  in  the  minimuni 
concentration  of  APIP  necessary  to  render  the  blood 
incoagulable.  Nimbers  1|  and  7  of  table  constitute 
the  only  discrepancies  to  this  statement,  and  may  be 
due  to  unavoidable  experimental  errors,  li/hen  the  fibrin¬ 
ogen  concentration  was  increased  in  vitro  to  the  same 
extend  as  was  observed  in  vivo,  there  was  a  similar 
decrease  in  APIP  activity.  It  can  thus  be  concluded 
that  the  inability  to  maintain  the  blood  of  a  rabbit 
incoagulable  for  an  extended  period  of  time  by  multiple 
APIP  injections  of  equal  dosage  was  due  to  an  increase 
in  the  plasma  fibrinogen  concentration. 
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